IN THE evaluation of patients for cardiac surgery, left ventriculography and thoracic aortography often provide important information regarding aortic or mitral regurgitation,1 localization of left-to-right shunts,4' 5 and morphology of the left heart chambers and valves.3 6 If access through a patent foramen ovale, an atrial septal defect, or a ventricular septal defect is excluded, only three technics of left ventricular catheterization are currently suitable for both pressure recording and selective angiocardiography: direct percutaneous puncture,7' 8 introduction of the catheter through the mitral valve following transseptal left atrial catheterization,9 and retrograde catheterization through the aortic valve.'0
IN THE evaluation of patients for cardiac surgery, left ventriculography and thoracic aortography often provide important information regarding aortic or mitral regurgitation,1 localization of left-to-right shunts,4' 5 and morphology of the left heart chambers and valves. 3 6 If access through a patent foramen ovale, an atrial septal defect, or a ventricular septal defect is excluded, only three technics of left ventricular catheterization are currently suitable for both pressure recording and selective angiocardiography: direct percutaneous puncture,7' 8 introduction of the catheter through the mitral valve following transseptal left atrial catheterization,9 and retrograde catheterization through the aortic valve.'0
The merits, diagnostic value, and complications of left ventricular angiocardiography via the direct percutaneous 11-14 and transseptal left atrial9 methods have been described. Although the value of retrograde left ventricular catheterization in the study of congenital and acquired left-heart lesions has been emphasized,4' 5' 15-19 the usefulness and complications of the retrograde technic, when performed primarily for angiocardiography, have not been reviewed in detail.
The purpose of this paper is to evaluate the feasibility and complications of retrograde catheterization for performing thoracic aortography and left ventricular angiography. The following points will be emphasized: the ease with which the ascending aorta was reached by different technics of arterial entry and routes of approach; the frequency with which 34 normal or diseased aortic valves were passed by various types of angiographic catheters; the ability to obtain satisfactory angiographic studies; and the incidence of complications associated with the retrograde method.
Material and Methods
One hundred and two consecutive retrograde examiniations in 98 adult patients (August 27, 1959, to January 22, 1963) were reviewed. Local anesthesia with lidocaine hydrochloride (Xylocaine) and mild sedation were used. The procedure was immediately preceded or followed by right heart catheterization in 40 patients.
Thirty-four examinations were done by surgical cutdown on the right radial, brachial, or femoral artery, and 9F or lOF NIH angiocardiography catheters * were inserted. Sixty-eight examinations were performed by percutaneous puncture of the femoral artery by the Seldinger technic. 20 Gently curved, radiopaque yellow Odman-Ledin tubing,t nonradiopaque no. 260 polyethylene tubing,+ or no. 9F radiopaque Teflon catheters * were used with their corresponding flexible wire guides. In addition to the end hole, each percutaneous catheter had three or four spirally placed side holes. When the catheters were flushed with heparinized saline to prevent clotting, great care was exercised to avoid introduction of air into the arterial system. If passage across the aortic valve was not accomplished, further attempts were then made with the soft end of the guide extended 3 or 4 cm. beyond the tip of the catheter.15 17 After completion of the procedure, firm pressure was applied over the puncture site until hemostasis was obtained (5 to 15 minutes).
After a small test injection of 60 per cent methylglucamine diatrizoate (Renografin), 1.0 to 1.2 ml. of the agent per Kg. of body weight were given for angiocardiography. If successive injec-tion.s were made inito the aorta anid left ventricle (eiglht patients), the total amouint of contrast ma- Fi-gire 1 Thoracic aor.togroni in a 39-year-old man with a wide pulse pressture and a corntinuous mutirmur along the left sterncal border knorcn to be present for 10 months. The examination shows a rtupture of an aneirrysm of the right posterior sinus of Valsalva into the right atritum. A, anteroposterior projection 1.2 seconds after the onset of the injection; B and C, left lateral projectiorns 1.7 and 2.6 secon1ds, respectively, after the onset of injection. Arrow in A indicates a jet of contrast material entering the rig/ht atrium from the thoracic aorta. In B there is simlultanecouls and essentially equial opacification of the aorta, right heart, and central pulmonary arteries. In C the contrast nmaterial is predomninantly located in the right heart and pulmonary arterial tree following injection into the thoracic aorta, indicating a large left-to-right shunt. Ao, aorta; RA, rig/it atriumrrl; RV, right ventricle; AIPA, main pulmtoua(irij atritrl.
Circulcmton, Volame XXIX, Januar5, I064 Figure 2 Thirty-six-year-old man with the Mwailn syndrome, inclutding arachnodactyly, dislocated lenses, and a murmrur of aortic insufficiency. A, anteroposterior and B, left lateral projections dnllrn11g thoracic aortography. The sinuses of Valsalva are markedly clilated, adl there is refflux of contrast material into the left ventricle, compatible with aortic insufficiency. Ao, aorta; SV, sinuses of Valsalva; LV, left ventricle.
Results
Catheterization of the Ascending Aorta Table 2 shows the success of introducing the catheter into the ascending aorta according to the technic of arterial entry and route of approach. In two of the 102 examinations technical difficulties were encountered in introducing the catheter into a peripheral artery due to small caliber and arteriospasm of a radial artery at arteriotomy. In four cases the left femoral artery was puinctured after unsuccessful puncture on the right.
In five of the 102 examinations the catheter could not be advanced into the ascending aorta after it was successfully introduced into the artery. Catheterization was by the percutaneous femoral technic in each. In one of these patients a yellow Odman-Ledin catheter perforated a branch of the right external iliac artery, penetrating into the retroperitoneal space. In two patients the catheter became arrested at the aortic bifurcation. The catheter could not be advanced beyond the level of the right innominate artery because of an extremely tortuoius aorta in the fourth case. In the final patient, when the catheter was introduced, a hypotensive response necessitated postponing the procedure.
Influence on Aortic Valve Disease and Catheter

Type on Entry into the Left Ventricle
No attempt was made to pass the aortic valve in 21 of the 95 examinations in which the ascending aorta was reached. In one patient an aorticopulmonary septal defect was confirmed by an aortic injection.21 An aortogram excluded an aorticopulmonary shiunt in a second patient. In a third patient a suspected ruLptuired sinus of Valsalva aneuirysm was Cirn ilr/ oon, Volume XXIX. January 1964 confirmed by an aortic injection ( fig. 1 ). Ven-_ tricular fibrillation developed while the cathe-X c ro ter was still in the ascending aorta in another case. In the remaining 17 patients, aortic injection was performed to evaluate aortic insufficiency, aortic aneurysm, or coarctation of L the aorta, and it was not deemed necessary to X catheterize the left ventricle. Table 3 shows the frequency of successful passage of the catheter into the left ventricle according to the status of the valve and the type of catheter advanced, formed large loops in the sinuses.
The third failure was in a patient with severe.
rheumatic aortic regurgitation and grossly I,: r deformed and fixed aortic cusps as demonstrated by a supravalvular aortic injection. In the fourth case congenital aortic insufficiency was present. In the remaining 13 patients the catheter easily entered the left ventricle. In these there was no pressure gradient across the aortic valve, and aortic insufficiency was C-m demonstrated by a supravalvular aortic injection.
When aortic valve stenosis was present,
c O the success of entering the left ventricle de-¢ creased to approximately 50 per cent (table   4 4 3), whether or not associated aortic insufficiency was present. Although some observers believe that the radial approach to the aortic valve is superior to the femoral,22 our experi- re(luired a shorter time of manipulation and gave a higher percentage of successfuil entry into the left ventricle. Inability to visualize this catheter upon removal of the guiide, however, was a significant drawhack to its use. The catheter entered the left atrium from the left ventriele in twJo patients with severe mitral insufficiency. We have fotund record of two other such instances.15 5 23 Accomplishment of Satisfactory Aortography and Left Ventricular Angiocardiography
The left ventricle was entered in 60 patients, but an aortic rather than a left ventricular injection was preferentially performed in seven in order to evaluate aortic instufficiency ( fig.  3 ). The contrast mediumin could not be injected into the left ventricle in four of the 53 patients in whom left ventrictular angiocardiography was intended. In two, repeated runs of v entricular tachycardia occurred each time the catheter entered the left ventricle. In one instance a very large cLurve of the catheter precluded proper positioning in the ventriele. The fourth patient became hypotensive before injection, and the procedure was terminated.
Ang,iocardiograms satisfactory for diagnostic evaluation were obtained in 47 of the 49 patients in whom an injection was made in the left ventricle. In two, the angiocardiograms xvere not satisfactory because of catheter recoil dutring the early part of the injection, most of the opaque medium being discharged into the aorta. Significant recoil occurred only with open-end catheters and before special care was taken to make the final manipulation of the catheter before injection an advance to insure that it was positioned along the Eighteen-year-old girl wvith a long-standing hiistory of exertion1al dysprtea, easy fatigability, andcl a heart murmur since early childhood. Contrast material was preferentially injected into the ascending aorta, and the exantination de7nuoi.sttrates both aortic arnd mitral insufficiency. A and B, left lateral projections during thoracic aortography. Inl A a large jet of conitrast maraterial (arrow) is seen reffluxing into the left veriticle throuighi ant itncomp)etent aortic valve. In B contrast material has refluxed front the left veentricle ilnto an enlarged left atrium, intdicatinig significant mitral insufficiency. Ao, aorta; LV, left ventricle; LA, left atrium.
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Complications
Two fatalities resulted from the 102 examinations. Ventricuilar fibrillation developed in a 45-year-old man with coarctation of the aorta, bacterial endocarditis, and associated myocarditis while the catheter was still in the aorta and before contrast material was injected. Tie second patient, a 36-year-old man witlh mitral stenosis and insufficiency and atrial fibrillation, had left ventricular angiocardiograpliy and thoracie aortography 30 minultes later. Ventricular fibrillation developed several mintutes after tlhe second injection. Autopsy showed oceluision of the main left coroinary artery at its bifturcation by a large, well-organized, laminated thrombotic embolus, presumably originating in the left atrium, although the left atrium had not been entered.
Several potentially serious but nonfatal reactions occurred. In one patient with calcific aortic stenosis a small calcific plaque lodged in a coronlary artery during the injection. There was no untoward reaction except for transient T-wave negativity.'-4 Penetration into the myocardium of a small amount of contrast material occurred in two patients in whom end-hole catheters were used. In one case two side holes of the catheter were occluded with small clots, and much of the contrast material was injected throuigh the end opening with great velocity. In the other patient, proximity of the catheter tip to the ventricuilar wall may have been a contributory factor. The greater portion of the opaque medium, lhowever, was delivered into the ventricular cavity in eaclh instance, anid satisfactory angiocardiograms were obtained. The opaquie medium was rapidly cleared from the ventricular muiscle, and the coronary venous system was visuialized (figs. 4 and 5). Except for multiple ventricular prematuire contractions lasting 3 to 4 minutes, there were no sequelae in either patient.
A short run of venitricular premature contractions upon entrance of the catheter into the left ventricle was observed in every case. Appearance of ventricular premature contrac tions was a useful indication that the left ventricle had been entered. As others 16, 17, 23 have noted, the rhythm usually became normal with advancement of the catheter from the septulm toward the apex, and repeated runs of ventricular tachycardia precluded completion of the examination in only two patients. During the angiographic injection ventricular premature contractions frequently oc-curred, probably duie to jets of contrast material hitting the ventricular wall or to moveinent of the catheter.
Two patients became hypotensive without apparent cauise before the injection of contrast mnaterial into the left ventricle. Preliminary sedation with diphenhydramine hydrochloride (Benadryl) 50 mg. intramuscularly, and prolongation of the procedures by precedinig right ventricular catheterization may have been responsible. Two patients developed transient urticarial rash and hypotension after the injection.
Local complications were troublesome and included the previously mentioned perforation of an external iliac artery in one patient. In another patient the arterial puncture site was too high, and a large retroperitoneal hematoma developed, whichl eventually cleared spontaneoulsly. Bleeding from the puncture site with lhematoma formation and transient Circulation, Volume XXIX, January 1964 hypotension occurred 2 hours after the procedure in: a patiernt receixving anticoagulant therapy. Two patients who had brachial arteriotomy lost the pulses in their arms without functional impairment. After percutaneous femoral puineture or femoral arteriotomy, the amplituide of the pedal pulses often was temporarily diminished, prolably due to arteriospasm. In five patients the pedal pulses remained permanenitly diminished, and intermittent clatidication developed in two of tlhese. When one of these patients died 2 monthls later because of severe rheuimatic heart disease, an organizing thrombus was found at the femoral artery punetuire site.
Discussion
In comparison to the other methods of left h-eart catheterization, the retrograde technic is ideally suited for study of mitral insufficiency by left ventriculography ( fig. 6 ) or of combined insulfficiency of the aortic and mitral valves, with ulse of a single aortic injection ( fig. 3 ) or two rielatively small injections, one in the left ventricle and one in the aorta. The retrograde method is also well suited for the study of a left-to-right shunt at the aortic or ventricular level, incluiding rare or complicated lesions, such as aorticopulmonary septal defect, ruptuired sinus of Valsalva ( fig. 1 ), or ventricular septal defect with patent ductus arteriosus or aortic insufficiency ( fig. 7 ). This technic allows excellent delineation of disease of the thoracic aorta by means of aortography performed in the ascending aorta. In patients with supravalvular or subvalvular aortic stenosis, retrograde left ventricular catheterization aids localization of the site of obstruiction by pullback pressure tracings and delineates the anatomy of such obstructions by angiography ( fig. 8 ). In patients in whom the left ventricle cannot be entered, supravalvular aortic injections often provide significant information regarding the aortic valve, as described in detail by Odman and Philipson.2' A radiolucent jet may be demonstrated, providing data abouit the size of a stenotic aortic valve ostium ( fig. 9 ). Therefore, the examination was con- Figure 6 Fifty-four-year old womJanit who lhad a history of rhteumatic hieart disease with freqtuent bouts of pulmonary edenma and clinical evidence of mitral stenosis and instufficiency. Left ventrictula, angiocardiography was done to assess the degree of mitral insufficiency. A, left lateral projectiont duitng ventricular diastole 0.7 second after the onset of a 2.6-second injection. B, left lateral projection dzuring ventrictular systole 3.5 seconds after the onset of injection. There is massive reflux of contrast material from the left ventricle into a markedly enlarged left atrium (213 nd1./AI.2 of body surface area), indicating severe mitral insufficiency. C, anteroposterior projection during ventricuilar cliastole 2.5 seconds after the beginning of injection. The left ventricle is enlarged, and the left atriuim is massively dilated. Ao, aorta; LV, left ventricle; LA, left atrium7i.
Circulation, Volunci XXIX, January 1964 Our resullts i(ldicate that the percultaneous ivetlod of arterial entrv was tusuially easier and quiicker, btut arterial Cultdowni allowed nore certain i1]sertion, fr-eer minaniptu-lationi, and m-core facile replacemel]t of the catheter. The femoral r-ouite of approach was superior for retrograde left ven.tricular angiocardiography or thoracie aortography because of the larger size of the arteries and a lower incidence of arteriospasm. Presenice of aorto-iliac occlusive disease, lhowever, made catheterization through the arm preferable (table 2) .
Left ventricular angiocardiography was sIIccessfully accomplished iin 70 per cenit of the 67 patients in whom this examiination was in-tended. Table 4 shows the frequiency of siuccessftul left venitricular catheterization in ouir series and in the otlher series reported. The data indicate that the left ventricle may be successftully catheterized in approximately 80 per cent of all patients. hut that the success rate is decreased in the presenice of aortic valve disease, especially stenosis. Table 5 suimmarizes the reasons for failuire in oulr series, one lhalf being due to inability to pass the aortic valve. Creater suiccess in passingl the aortic valve has been reported in patients with congenital aortic stenosis.Y2
In cases of aortic stenosis in which the valve cannot be passed in a retrograde manner, left ventricular pressure may be measured by direct puncture with a small-caliber needle.."" Direct percutaneous xventricular puncture yields a higher percentage of successful entry into the left ventricle, especially in the Anteroposterior projection during thoracic aortography in a 15-year-old boy with clinical evidence of aortic stenosis. The catlheter could not be negotiated into the left ventricle thirough the aor1tic valve. However a suipravalvular aortic injection showed cldomed aortic calve leaflets during venttrictular systole (short, black arrows) withl a smcall radioluicent jet of unopacified blood entering the aorta from the left ventricle (long, l)lack arrows) indicating a tight aortic valve stenosis. (table 6) there were only four cases in which small amounts of contrast material were deposited intramyocardially (0.7 per cent) with no serious consequences, and there was only one instance of cardiac tamponade due to puncture of thae left atriu.m by the catlheter.'; Reported Occurrence In patients with aortic stenosis left ventricular angiocardiography can also be achieved by the transseptal left atrial technic. Entrance of the catheter into the left ventricle was reported in 95 per cent in one study.31 This technic, however, is less suitable than the retrograde method for evaluation of aortic insufficiency and mitral insufficiency. In the latter lesion, the presence of the catheter through the valve could allow reflux of contrast agent into the left atrium during left ventriculography. In addition, occasional serious complications resulting from this technic have been described.32-34 Table 6 shows the frequency of complications in retrograde left ventricular catheterization as compiled from our series and from those series in the literature in which complications are reported. If the total number of cases with and without angiocardiography is considered, there were six fatalities in 775 examinations (0.8 per cent), four of which were due to ventricular fibrillation. In two of these patients the ventricular fibrillation developed with the catheter in the aorta. Only one of these fatalities can be attributed to the injection technic of retrograde left ventricular catheterization. In this case the injection was inadvertently made into the left atrium. The left atrium ruptured and the patient succumbed with pericardial tamponade despite surgical intervention.15 Injection of radiopaque medium into the left ventricle or aorta is free from serious complications related to the pressure of injection per se. Intramyocardial deposition of the contrast material may occur in small quantities without serious consequences or detraction from adequate examination. Dislodging of aortic calcific plaques, thrombi, or vegetations is a potential, but rare, hazard. The development of transient hemiparesis reported in one patient was attributed to the radiopaque medium.23 Littmann et al. and Gray and co-authors each reported one case in which ventricular tachycardia prevented injection. 23 29 Circulation, Vo.lume XXIX, January 1964 2 1 (1) 2 arteriotomy or percutaneous puncture of a peripheral vessel can usually be controlled easily, they tend to be incompletely catalogued in various reports. For example, Amplatz 15 mentioned that several patients required arteriotomy following catheterization by femoral cutdown, without giving the total number of such cases. The local complications described in this and other series are compiled in table 6 . Cases of knotting of the catheter23 and breaking of the spring guide 15 have also been reported.
We would conclude that left ventricular angiocardiography or thoracic aortography may be of extreme importance in the diagnosis of lesions of the left ventricle and thoracic aorta. There is a slight hazard, however, of inducing ventricular fibrillation or serious hypotension, and local arterial complications are of some consequence. Therefore, the procedure should be performed only with clear indications. If right-heart catheterization with a pulmonary artery injection for evaluation of the left heart may yield sufficient information, it should be utilized in preference to the left-sided study, since it is simpler and safer. A report on this right-heart method of evaluating left heart lesions is in preparation.
Summary and Conclusions
The results of retrograde left ventricular angiocardiography or thoracic aortography in 102 consecutive examinations are reported, including the frequency of successful left ventricular catheterization and the complications of the method. Retrograde left ventricular angiocardiography or thoracic aortography is the most suitable and informative approach for evaluation of aortic or mitral insufficiency or a combination of these lesions, and also for the study of left-to-right shunts at the ventricular or aortic levels. In the presence of aortic stenosis successful left ventricular angiocardiography is achieved in only 50 per cent. When left ventricular catheterization cannot be achieved, data about the anatomy of the valve can be obtained by negative contrast via a supravalvular aortic injection. Complications of the method are small in Circulation, Volume XXIX, January 1964 comparison with the direct percutaneous left ventricular puncture technic but are higher than those from right heart catheterization and pulmonary artery angiography.
